This study was conducted to determine the effects of different prestorage incubation (PRESI) times of 0, 3, 6 and 9 h on the hatchability of guinea fowl eggs stored for 14 d. A total of 80 eggs were assigned to each of the four PRESI treatments. PRESI-3h, PRESI-6h and PRESI-9h eggs were placed in an incubator at 37.5°C and 65% relative humidity for 3, 6 and 9 h, respectively, before storage with the PRESI-0h (control) eggs for 14 d at 18°C. After 14 d storage period the eggs were incubated at 37.5°C and 65% relative humidity. After 30d incubation period, the total number of eggs hatched (keets) were counted and all unhatched eggs opened to determine fertility. Hatchability data were analyzed using General linear Models of SAS and the model included fixed effects of PRESI treatments. The results indicated that PRESI treatment had an influence on the hatchability of both fertile and set eggs. PRESI-6h resulted in higher hatchability of both fertile and set eggs compared to the control group. There were however, no significant differences in hatchability of fertile eggs and hatchability of set eggs between the PRESI-9h and the control groups. These results indicate that PRESI-6h greatly reduces embryonic mortality resulting in higher hatchability compared to the other groups. It therefore appears that PRESI-6h could be used as a strategy of improving the hatchability of guinea fowl eggs stored for 14d.
Introduction
Hatching poultry eggs are often stored longterm on the farm to minimize transportation costs to the hatcheries and in the hatcheries to accumulate sufficient eggs to fill large incubator racks or in anticipation of fluctuations in egg production or demand during the year (Fasenko et al., 2001a) . However, storage of hatching eggs of most poultry species for over 7 d has detrimental effects on hatchability (Mayes and Takeballi, 1984 and Meijerhof, 1992) . (Moreki and Ditshupo 2012) established that for guinea fowls, egg storage for over 4 days greatly reduces hatchability and reported 4% hatchability in guinea fowl eggs stored for 14d. A number of methods have been investigated to improve the hatchability of eggs stored for over 7 d and one of the most promising methods is the pre-heating of eggs prior to long term storage. Pre-heating also popularly known as prestorage incubation of eggs for certain time periods in different poultry species has been reported to improve the hatchability of chicken, turkey and quail eggs (Fasenko et al., 2001a, b; Lofti et al., 2011; Abdel-Azeem and Abdel-Azeem, 2009 ). The influence of various prestorage incubation periods on the hatchability of long-term stored guinea fowl eggs remains unexplored. This study was therefore carried out to investigate the influence of various prestorage incubation periods on the hatchability of the guinea fowl eggs stored for 14 d.
Materials and Methods

Egg Collection
A total of 320 guinea fowl eggs were obtained from Botswana College of Agriculture guinea fowl flock at the age of 54 weeks of age. A total of 80 guinea fowl eggs were collected every day between 0800 and 1200h for 4 consecutive days resulting in a total of 320 eggs. All the eggs found in guinea fowl unit before 0800h were cleared to ensure that only freshly laid eggs were used for the experiment. The 80 eggs collected each day were randomly allocated to four egg groupings each comprising a total of 20 eggs. The four egg groupings were then randomly allocated the four prestorage incubation (PRESI) treatments of 0 (control), 3, 6 and 9h. Eggs collected each day thus formed a replicate resulting in a total of 4 replications for each PRESI treatment.
Experimental Groupings and Conditions
PRESI-0h (Control) eggs were immediately stored at 18°C. Relative humidity was not measured and uncontrolled. The PRESI-3h, PRESI-6h and PRESI-9h eggs were preheated at 37.5°C and 65% relative humidity for 3h, 6h and 9h, respectively, using an incubator and thereafter stored with the control eggs at 18°C for 14d.
Egg Incubation and Hatchability
Upon the completion of the 14-d storage period for each replicate, all eggs were set in an incubator at 37.5°C and 65% relative humidity for incubation. At day 25 of incubation, the eggs were transferred to a hatchery.
For exact determination of hatchability, eggs set for each PRESI treatment were enclosed in separate wooden boxes before being placed in the hatchery. After 30 days of incubation, live hatched chicks were counted, and all unhatched eggs were opened to determine fertility. Hatchability of fertile eggs was calculated as total eggs hatched divided by total number of fertile eggs and then multiplied by 100 and hatchability of set eggs was calculated as total eggs hatched divided by total number of eggs set and then multiplied by 100.
Statistical Analysis
Fertility and hatchability data were analyzed using General linear Models of SAS (version 9.2 SAS Institute, 2000 -2008 and the model included the fixed effects of PRESI treatments (PRESI-0h, PRESI-3h, PRESI-6h and PRESI-9h).
Results on the effects different PRESI treatments on fertility and hatchability of guinea fowl eggs are presented as least squares means ± SE, and means separation were by paired t-test and differences between means were declared significantly different at P<0.05.
Results and Discussion
The main effect of PRESI treatments on apparent fertility, hatchability of fertile eggs and hatchability of total eggs set are presented in table 1. There were no significant differences in apparent fertility of guinea fowl eggs between the PRESI-3h, PRESI-6h and the control groups (PRESI-0h) following prolonged storage of 14d at 18°C (45.00 3.66%, 48.75 b 3.66% and 56.25 3.66% fertility, respectively). The three PRESI treatment groups (PRESI-0h, PRESI-3h and PRESI-6h) however had significantly higher fertility than the PRESI-9h treatment group. Of the PRESI treatment groups, the PRESI-6h group had the highest apparent fertility and the PRESI-9h group had the lowest fertility. Significantly higher apparent fertility in the PRESI-6h than in the PRESI-9h group is consistent with (Petek and Dikmen 2006) who reported significant differences in apparent fertility in broiler breeder eggs that were pre-heated at 38°C for 0h, 4h and 8h (67.00%, 54% and 43% fertility, respectively) prior to storage at 14°C for 15d. Fasenko et al., (2001b) however, reported higher but non-significant differences in apparent fertility of turkey eggs pre-heated at 37.5°C for 0h, 6h, 7h, 12h and 14h prior to storage for 14d at 17. 4°C (93.59±0.93%, 93.32 ±1.32, 92.13±1.35, 94.27±1.35 and 91.21±1.32 % fertility, respectively). According to Fasenko et al., (2001b) fertility should not be affected by different PRESI treatments because fertilization would or would not have occurred before the eggs were exposed to the different PRESI treatments. Significantly lower percent fertility for the PRESI-9h group compared to the other treatment groups found in the current study might have been due to very early embryonic death because it is quite difficult to distinguish between infertile blastodiscs and embryos that died before significant extra-embryonic membrane formation has occurred after 28d incubation period (Fasenko, 2001b) . The generally lower fertility of guinea fowl eggs for all the treatment groups observed in the current study could have been due to high embryo mortality during the 14d storage period leading to an overestimation of infertility because of the difficulty in distinguishing between infertile germs and eggs whose embryos died during the 14d of storage. Petek et al., (2003) and (Petek and Dikmen 2004) demonstrated that prolonged egg storage prior to incubation decreased apparent fertility significantly. According to several studies, the optimum storage time for poultry eggs is 7 d and prolonged storage beyond 7 d decreases egg quality and increases embryonic mortality (Fasenko et al., 1992; Whitehead et al., 2002) . The current method of determining fertility at the end of the incubation period lumps truly infertile eggs at oviposition, eggs whose embryos died during storage and very early during incubation as infertile eggs leading to an underestimation of true fertility and an overestimation of infertility.
There were no significant differences in hatchability of fertile eggs between the PRESI-3h, PRESI-6h and PRESI-9h groups. The Hatchability of fertile eggs in the PRESI-3h and PRESI-6h treatment groups were however significantly higher than the PRESI-0h or control group. There was no significant difference in the hatchability of fertile eggs between the PRESI-9h and the control (PRESI-0h) groups. Hatchability of fertile eggs was 21.31% and 31.16% higher for the PRESI-3h and PRESI-6h, respectively, compared to the control eggs. Fasenko et al., (2001a) also reported significantly higher hatchability of fertile eggs (81.9%) in the PRESI-6h group compared to hatchability of 72.2%, 78.1% and11.5% for the PRESI-0h (control), PRESI-12h and PRESI-18h groups, respectively, after 14d of storage in broiler breeder eggs. Reijrink et al., (2009) reported 5.3% higher hatchability of fertile eggs in the PRESI-4.5h than PRESI-0h (control) group after 11 d storage period in the commercial Cobb broiler breeder flocks. In turkey, the highest hatchability of fertile eggs (75.31%) was reported in the PRESI-12h group as compared to 68.62%, 73.42% and 69.09% hatchability of fertile eggs in the control, PRESI-6h and PRESI-14h groups, respectively. Significantly higher hatchability of fertile eggs in the PRESI-3h and PRESI-6h groups compared to the control in the present study clearly indicated that pre-warming of guinea fowl eggs for 3h and 6h at 37.5°C prior to long term storage significantly reduces embryonic mortality during storage and incubation. The reduction in embryonic mortality during incubation after long term storage was however more pronounced in the PRESI-6h group than in the PRESI-3h group. Prolonged warming of the eggs (Presi-9h) prior to long term storage however presented no significant benefit to the hatchability of fertile eggs compared to the control group (PRESI-0h) indicating similarly high embryonic mortality during incubation in the two groups.
There were no significant differences in hatchability of set eggs between the PRESI-3h, PRESI-9h and PRESI-0h or the control group. Hatchability of set eggs was however significantly higher in the PRESI-6h group compared to the control group and the other two PRESI treatment groups. Hatchability of set eggs was highest for the PRESI-6h group, followed by the PRESI-3h group, then PRESI-9h group and lastly the control group. Hatchability of set eggs was 21.25% higher in the PRESI-6h group than in the control group and was similar between the PRESI-9h and the control groups (21.25±3.64% and 17.53±3.64%, respectively). Fasenko et al., (2001a) also reported significantly higher hatchability of set eggs of 79.0%
in the PRESI-6h group compared to hatchability of 70.5%, 74.9% and 9.1% in the control, PRESI-12h and PRESI-18h groups, respectively, after prolonged storage of 14d at 11.5°C in broiler breeder eggs. Reijrink et al., (2009) reported 5.4% higher hatchability of set eggs in the PRESI-4.5h than the control group following prolonged storage of 11d at 16-18°C in the Cobb boiler breeder flock. Lourens (2006) and Petek and (Dikman 2004 ) also reported significantly better hatchability of broiler breeder eggs and quail eggs in the PRESI-6h and PRESI-8h groups than the control groups, respectively, following 14d storage period. In turkey, the highest hatchability of set eggs of 70.91±2.51% was reported for the PRESI12h group compared to hatchability of 64.35±1.73%, 68.53±2.44% and 63.13±2.44% in the control, PRSI-6h and PRESI-14h groups, respectively, following 14d of storage at 17.4°C and 66.3% relative humidity. Relatively high hatchability of set eggs in the PRESI-6h group compared to the control and other PRESI treatment groups following prolonged storage observed in the current study could be due to high embryonic mortality during incubation in the control and the other two PRESI treatment groups compared to the PRESI-6h group. Fasenko et al., (2001a, b) established that PRESI-6h treatment for broiler breeder eggs and PRESI-12h treatment for turkey eggs advanced embryonic development to the stage of development at which hypoblast formation is complete. At that developmental stage, embryos are at a relatively quiescent state and are better able to withstand developmental arrest during prolonged storage of 14d resulting in significantly higher hatchability of both fertile and set eggs compared to the control group. PRESI treatments beyond 6h for broiler breeder eggs and 12h for turkey eggs advanced embryonic development to either developmental Stage 3 or 4 of (Hamburger and Hamilton 1951) where the primitive streak formation is complete. The developmental Stages 3 and 4 of the (Hamburger and Hamilton 1951) are characterized by extremely active cellular division, migration and differentiation and do not respond favorably to developmental arrest during 14d storage resulting in similar hatchability of both fertile and set eggs as the control group (Fasenko et al., 2001a) . From the present study, it is hypothesized that PRESI-6h treatment advanced embryonic development in guinea fowl eggs to embryonic stage XIII (Eyal-Giladi and Kochav, 1976) which is more resistant to prolonged egg storage than embryos less (control group) or further developed (PRESI-9h). At embryonic stage XIII, embryos have just completed hypoblast formation and cell migration and differentiation are minimal (Bellairs, 1986) . The PRESI-6h guinea fowl eggs probably contain more cells than the control embryos and are in a more quiescent developmental stage than PRESI-9h embryos which make them more resistant to prolonged storage and embryonic death than both the control and PRESI-9h groups (Rejrink et al., 2009) . From the preceding discussion, it is clear that there is an optimal developmental stage or range of developmental stages and optimal PRESI treatment or range of PRESI treatments in different poultry species that maintain embryo viability during long term egg storage and consequently result in improved hatchability of both fertile and set eggs. For the guinea fowl, higher percentages of both hatchability of fertile eggs and set eggs were observed for the PRESI-6h treatment group, therefore warming of guinea fowl eggs for 6h at 37.5°C and 65% relative humidity before long term storage may be a good practice to improve the hatchability of eggs. The generally lower percent hatchability of both fertile and set eggs in the different treatment groups in the present study compared to chickens (Fasenko et al., 2001a and Reijrink et al., 2009) , turkey (Fasenko et al., 2001b) and quail (Abdel-Azeem and AbdelAzeem, 2009) indicate that guinea fowl eggs are more susceptible to embryonic mortality as a result of prolonged storage than chicken, turkeys and quail eggs. Lower hatchability of set eggs for all the treatment groups concurs with Moreki and Ditshupo who reported a rapid decline in hatchability in guinea fowl eggs after 4 d of storage and hatchability of 4% in guinea fowl eggs stored for 14 d.
Conclusions
PRESI could be used to improve hatchability of guinea fowl eggs stored for 14d. Data from the current experiment suggest that PRESI-6h gives better hatchability of both fertile and set eggs compared to the control, PRESI-3h and PRESI-9h. Further research is needed to determine the optimum PRESI time that gives the highest hatchability as the optimum could be anywhere between 3 and 9 h of prestorage incubation.
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